Touch is the earliest sensory modality the infant relies on, and is crucial for the first months of life and for survival.
Introduction
The problem considered here is modeling the dynamics of self and object identification in an infant's early months and the minimal neural control machinery needed to carry this effort through. The models presented here are ad hoc and must eventually be verified, confirmed, complemented, or refuted by more rigorous scientific, physiological, and neural experiments, protocols, and observations. Russell (1967) says that what we know is science and what we do not know is philosophy. The discussions here, as of now, imply more of a philosophical rather a scientific model. At the same time, the models discussed and developed here constitute a rudimentary way to design human-like behavior in robots.
The development of infants has been extensively observed and studied (Salter Ainsworth, 1967; Mahler, Pine, & Bergman, 1975) . The three initial phases of psychological development are normal autism, symbiosis and individuation-separation (Mahler, 1958) . These normal phases are defined in terms of sensors that generate signals, transmission of signals and the processing of the signals. The sensors are touch, smell and taste.
Touch is the first sense to develop after the infant is born. The basic neural circuitry of touch has been discussed by Kandel and Jessel (1991) . Mountcastle (1980a,Chapter 12) has discussed neural mechanisms of somes-thesis, and the associated body maps. The early development of humans is described succinctly in (Warnock, 2006, Chapter 12) . Infant movements are simple and to some extent random. The control of normal human movement by the brain is presented by Eccles (1977) and Brooks (1986) . The memory structures of the brain are explored in Eichenbaum (2002) and Allman (1998) . The somatosensory cortex is briefly reviewed in Kuffle and Nicholls (1976) .
The model proposed here relies on simple known organizations of the CNS (Angevine & Cotman, 1981 , Chapters 9 and 11), conceptual models of neural organization (Szentagothai, & Arbib, 1974) , and object relations (Slipp, 1991, Chapter 3) . For control of gains of reflexes needed in this paper, we rely on a simple model of the basal ganglia and neurotransmitter chemical control (Hemami, & Moussavi, 2014) . For the finger of one hand of the infant to explore the body surface, it is assumed that the finger remains at one spot on the surface of the body until the surface segment is identified and recorded on the body map. Eventually, this restriction has to be removed. However, sufficient information and models
The intent here is to model early infant movements with neurons, excitatory and inhibitory signals and simple neural transmissions (Henneman, 2002 , Chapter 1). The primary analytical tool for this purpose is the LTP. Simpler LTP mechanisms are involved in habituation, sensitization and conditional reflexes. The very complex LTP mechanisms may be in the hippocampus subsystem of the CNS (Angevine & Cotman, 1981, Chapter 12) controlling the limbic system. Most of the LTP research has dealt with the chemical processes that are involved in the physical structure of the LTP (Kandel, 1991b) .
As the infant moves and performs much more complex movements, systems of rigid bodies can be used for the infant motion (Hodgins, 1996; Hodgins, & Raibert, 1990) and locomotion (Hodgins, & Raibert, 1984) . More complex LTPs are needed for the control and communication processes of the CNS. These issues, however, will not be considered in this paper.
The rationale for simpler models is that they are available to the infant. These models can be physically and mentally expanded to represent the evolution that the CNS of the infant goes through. Ideally, some day, the physical growth (Despa, Wales, & Berry, 2005) can be understood and integrated in the model. In the formulation here, the dynamics, and the contact forces are simple to present and lend themselves to better physical interpretation. Another advantage of having early and simple models is that one can gradually expand the dynamics to include realistic phases of physical, psychological, and mental growth (nerve sprouting). The physical growth and sustenance of life and its activities are an important part of future research that have not been addressed at this time. The concept of the design and performance of redundant systems is an important component of understanding natural systems. It has not been sufficiently addressed in the engineering literature, even though it will loom bigger and bigger for future technologies that have to use earth resources more efficiently and minimize waste. The engineering efforts have been devoted to minimal systems.
While study of plant and animal growth may be more fruitful at this time, the understanding of the creative processes of the human brain (art, music, and possible development of right brain languages for music and feelings) would remain highly challenging human endeavors and possibly be entailed in the evolutionary processes of life. These issues will remain frontiers for science and mankind.
All psychological inferences here are part of the model and have not been based on physiological, anatomical psychophysics, or other experimental supporting evidence. Infant self-exploration is described in section II. The necessary muscular, and sensory and motor requirements are described in section III. The development of early mental models of self and object are presented in section IV Tensions and early defenses are explored in section V. Discussions and conclusions follow in section VI.
Infant Self-Exploration

Preliminary Assumptions
The newborn's three phases of psychological development are defined here as follows:
• The normal autism phase: the fingers transmit sensory (tactile) signals, but no processing is available or developed yet.
• The normal symbiosis phase: tactile processing is not available or developed for the touched parts of the body, so self and other objects are, indiscriminately, felt.
• The individuation-separation phase: processing and pruning are available and developed for identification of the source of tactile object ( self or mother, etc.).
The last phase is considered in detail in detail below and how it may lead to further developments. The next immediate goal, in the sequel, would be to understand the dynamics and neural mechanisms of the three phases of individuation- (Mahler, 1972) .
Suppose the infant is lying flat on its back on a supported surface. The main assumption is that each of the distinct patches on the surface of the body has a tactile pressure (or force) sensor that responds to small forces or skin deflection perpendicular to the skin. The self-exploration is random and asynchronous. Another assumption is that only one neuron carries the tactile sensory signal to the tactile map (image) in the CNS.
After birth, the tongue, mouth and lips (White, 1956, page 115) are perhaps the most sensitive regions of the body. In the model here, it is further assumed that the tongue is already mapped to the tactile image (referred to from now on as TI) This map is physiologically located in Brodman's area 3b. When the tongue touches the different parts of the mouth, the mouth gets mapped onto the TI by the the process described here for one lip at a time. This process starts by the tongue exploring one lip (i.e., touching one lip). The two signals from the tongue and the lip, simultaneously arriving in area 3b, are modeled here and referred to as the tactile image (TI). These two signals, through a signal processing scheme, to be described below, confirm that the lip is part of the infant. The processing further assigns the sensory energized element of the TI to the touched lip. As a result, the lip gets mapped. The tongue touches the second lip, the signal processing repeats, and the registration of the second lip as part of the TI gets confirmed.
The next step is that, through a random trial-and-miss method (not centrally guided) the elbow gets anchored to the surface. Gravity and the lower arm extensor bring the index finger (or thumb) to the lips. The lips and the finger send simultaneous tactile signals to area 3b and the index finger (or thumb) gets registered in the TI. Now the finger gradually and, more by accident than design, explores patch by patch all other parts of the body that it actually reaches and each patch gets registered and mapped in TI. Thus, TI is the first image of the child that the brain receives from tactile sensing. This process is the first of a long sequence of processes and events that bring the notion of the self into the brain of the infant.
Thus a map ( a homunculus) of the body is constructed. It also is referred to as a cytoarchitectonic (Szentagothai, & Arbib, 1974) . Not much is known about the impulse flow, the complex processing, or neural structures involved in the above mapping.
Creation of Signal Path
For simplicity, throughout the paper, it is assumed that the signal's amplitude, rather than its frequency, is proportional to intensity. It also is assumed that the synapses involved in the path have known delay times and that the finger axon has a large number of synapses. The number of synapses is equal to the number of the body surface elements (BSE). We assume a serial path of two neurons from a BSE to the corresponding TI element. Dorsal root ganglion (DRG) cells are used for this purpose (Shepherd, 1979, Chapter 2) . This path, which does not exist before birth, is permanently established in the following way, and transmission delays are unimportant. When the finger touches a BSE, the second neuron receives two signals simultaneusly: a first neuron signal and a second signal from a synapse of the finger signal. Simultaneous presence of these two signals does two things. First, it creates of a permanent path from neuron 1 to neuron 2, and Then, the particular finger synapse that caused the path is not needed any longer and is pruned (permanently disabled). The process of pruning also has been referred to as pinching off the nerve terminal (Kuffle, & Nicholls, 1976, page 197) or the process of synapse elimination.
The second neuron is capable later on, by association and/or control, and under other commands issued from the CNS to direct the BSE signal to other destinations:
• Short-term memory
• Long-term memory
• Motor cortex
• Basal ganglia
• Withdrawal reflexes
• Other CNS centers, such as the reticular formation
The activation for elements of TI depends on the infant repeating the above process by touching other surface elements. This is a random process during which there may be unpredictable and long intervals between activation of one TI neuron and the next TI neuron. As a consequence, the infant brain registers that there is more to the infant than the tongue, mouth, and lips, and the TI portion of the self begins to emerge. 
Signal Transmission With Delays
Let j be the index number of a path. The state of the second neuron neuron, defined by delay time (T ) is (S j k ). Let the output of the second neuron be y j . We assume the path between the two neurons already has been established. The sensory tactile input from the BSE neuron is x j .
Two events have already taken place: the TI neuron is activated and the synapse pruning has taken place.
The state space equations for the information transfer are
These equations are needed for computer simulations and for CNS compensation for different delays. A serial repetition of equal delays amounts to a discrete transmission delay line. We assume there also form in the child's brain four other maps of how the infant views itself-a visual image (VI), an auditory image AI (when the child hears itself) and two smelling and gustation images (SI, GI). The order of the formation of these other four images may be in the reverse order: gustation first, smelling second, hearing third and vision fourth. More importantly, the gustation, smelling, and tactile identification of the mother (or caregiver), as another object ( distinct from the self) and gradual construction of an object image may precede mental construction of the corresponding self images. This process of construction of the self's sounds of crying, laughing, and screaming (as well as the mother's sounds) are some of the concurrent activities of the CNS of the infant. Some of the sensory construct of the self and mother may be simultaneous (not in a rigid pre-specified order.)
The construction of the first object (i.e., the mother) starts with the arrival of lips, tongue, mouth, and finger signals of the infant. It is possible that these elements of self may be registered as belonging to the mother, a prelude to the partial merging of mother and child. If this true, sucking of thumbs, fingers, and toes may be a part of security conditions for the infant that the mother is actually present. Later, the finger signals are routed to a neural assemblage as described by Eccles (Eccles, 1977, page 87) for the object recognition and identification. Actually how the brain allocates bodies of neurons for a special function is not well understood. How effective the properties of individual synaptic action are in linking neural assemblages into meaningful performance or entity remains a difficult philosophical question.
Construction of self
The above five images converge on a map that we call the self. That map is not necessarily continuous. These images constitute five physical components of the self (TI, VI, AI, SI, GI). The order, location and how these sensory maps may communicate and cooperate with each other is not considered here. For some of the precise mental structures involved in using sensory information in self awareness and the infant's or person's position in the environment see (Angevine & Cotman, 1981, pages 244-245) . The process of constructing a physical self-image in the brain is referred to here as a convergent process (CP).
There are internal components of the self to be added to the self-map to enhance it in reality and in self-attributes.
Candidates for these additional components of self (perhaps additional elements of the vector of self) are fears, aspirations, (physically real and unreal), etc. One may even conjecture that ego, superego and id could, in time, be components of the vector of self. The model here assumes that all parts of the self are in one part of the CNS. Actually, the self, like many other functional part of the CNS, could be distributed. Connections are by association.
Attention
The infant (and later the child) has to have the ability to concentrate its attention on the whole self, part of the self, or a minute element of one of the components of the self. This is paying full or partial, conscious or unconscious attention to the self. Attention is an example of synaptic action where a partial image of the self is addressed. We are discussing here internally motivated attention (Bernstein, Penner, Clark-Stewart, & Roy, 2006, Chapter 5 .) The attention to a part of the self can be called a diverging process where the attention is internally produced and restricted to a specific section or element of the surface of the body or any subset of the body surface and the environment. It appears as if the attention has two components: A level of awareness of the whole body and, at the same time, a focused level of attention on some arbitrary, well-defined part of the self. The fact that the two are simultaneous merits further attention as a research topic. Each of the five senses in turn have their own issues and problems, as discussed by Mountcastle (1980b) and Kandel (Kandel, 1991a, Chapter 30) .
This diverging process is the reverse of the converging process by which the self is constructed. Let us select a simple example. The process of construction of the self by tactile exploration is a convergence process where the whole surface of the body gets mapped onto area 3a of the cortex. The divergence means how the infant or child is enabled to restrict its attention to the whole body or any arbitrary sub-component of the body he or she wishes: left foot, right ear, both legs, or any arbitrary combination of parts of the surface of the body. This wish or desire is all internal and is not initiated by any external simulation, pressure, force, etc. We are not concerned about attention motivated by sensory inputs of pleasure and pain. It is not clear where the source of this desire to pay attention to any part of the physical or internal self originates, or why and what the mechanism of this particular attention -all the object (the body), some specified (in the infant's mind) part of the object or none of the object might be. The CNS mechanisms of such attention are also unknown at this time.
In the model presented here, the attention is implemented by rapid scan of visually stored images (Kandel, 1991a) . The dynamics of this process have to be explored in more detail in the future.
Dynamics of Self-Exploration
The same impulse bundle (Szentagothai, & Arbib, 1974 ) that converges on the map in section 3a (TI here) is also used, by trial, error and learning, to facilitate and speed self-exploration. All the tactile signals are relayed through synaptic action to multiple destinations. The trajectory of some event, pleasant or unpleasant, may reach short-term memory and stay there for some time (up to several hours), once it has been transmitted to short-term memory, it can be protected from being erased by another event by the mechanism of LTP, i.e. long term potentiation (Eichenbaum, 2002) . The LTP protects what is in short-term memory by inhibiting access to short-term memory by other or more recent events. Presumably, higher control centers, conscious or unconscious, can override the LTP's action.
It is very important to draw attention to a connection between system theory and neuroscience at this point. In a very abstract sense, the simplest LTP is an integrator (1/s in system theory -the basic memory element). It also is referred to as a"temporal summer." The LTPs are usually described with the added circuitry about the particular functions they have. In order to clarify the issue several examples are sketched here.
• The output of the LTP is the state of the integrator.
• The current state may be reset to zero, or kept for future use.
• The current state may be stored in a stack structure and recovered to facilitate retraction in a maze (Angevine & Cotman, 1981, page 261 ).
• The current state may be involved in reversing a motion or action.
Any part of the control or communication machinery of the CNS that can be described by differential equations can be implemented with LTP's with ample inputs, outputs and address lines. Some examples are cited here.
• Hippocampal processes, such as setting gains in the basal ganglia.
• Stack control and processing.
• Stack structures (Warnock, 2006) .
• CNS storage of trajectories.
• The expansion of the LTP signal in time for slower functions.
• The retaining of a fast visual signal so it can be saved, stored, or perceived, i.e. extension of a fast signal in time.
• Stack system as auxiliary internal (CNS) helping amnesic patients (Eichenbaum, 2002, Chapter 4) .
• Protection of short-term memory contents by the involved LTP in inhibiting access to it.
• Involvement of LTP in the redundancy aspects of the CNS system.
• "Schema Theory of Bartlett", (Eichenbaum, 2002, pages 82-83) .
It is worthwhile noting that we refer to three types of memory structures here.
• Memory for storage of time-dependent phenomena (trajectories as functions of real time, exact, slowed or accelerated in time.)
• Memory for CNS signal processing.
• Memory for the dynamics of the CNS involved in control and communication activities of the CNS, such as in the hippocampus.
Our interest here is to provide a mathematical and computational model of the LTPs involved in the control and communication processes of the CNS. The input-output behavior of a large LTP with n principal integrating neurons will be represented by standard state space equations (Bay, 1999) . The simplest one-dimensional LTP's are the integrators in the vestibular system that integrate accelerations of the head to arrive at velocities and integrate the velocities to arrive at position states (Hemami, Khosravi-Sichani, & Barin, 2016) . A large LTP conceivably may have a dozen states with possibly hundreds of input and possibly many outputs. Of course, the derivation of all the LTP processes, even for a newborn, is a major challenge for humanity for some time. As an additional comment one may say that nature (or evolution) has found state space method to be a convenient, effective, and competent tool at its disposal.
Regarding the early infant development, for the few seconds that a particular point on the surface of the body is explored we assume the tactile signal is from one surface element. A later and more developed exploration may involve following a somewhat random trajectory on the surface of the body and being able to repeat it or retract it, i.e., move in reverse on the trajectory (Jagacinski, & Hah, 1988) . Such action may involve more complex recording in the memories and memory stacks to store the trajectory, be able to retract the trajectory and, later on, to identify it and repeat it. Conceptually, processes of identification (of the signal as a function of time and space, its location on the body, and its shape) and perception get gradually involved and engaged.
One destination that is involved in self-exploration is the path to the basal ganglia. The basal ganglia, among other functions, has two specific missions: to control the gains of CNS -involved in motor-cortex-issued trajectories of time, and to control the gain of reflex loops for the control of desired tactile exertions.
The starting point of the formulation of the dynamics is to assume that, by repeated trials, the infant has learned to leave the elbow on the ground and let gravity guide the raised lower arm with an immobile wrist and fingers slowly to the mouth by activating the lower arm extender. Then, the infant applies a gentle force to the lips.
This model of the dynamics is very simple. A one-degree-of-freedom inverted pendulum is sufficient to describe the dynamics. A first order spring and damper describes the tactile sensor that measures the force of contact. A motor neuron summarizes the central CNS force to balance and slightly exceed gravity and a basal ganglia based circuit to control the force applied to the lips.
Let U be the force of the extensor acting on the lower arm, let Θ be the small angle of the lower arm with the ground, let KΘ be the gravity force, and let V be the frictional forces at the elbow and in the muscle. I is the moment of inertia of the lower arm and hand about the elbow in the plane of motion of the forearm.
More information about the equations of motion can be found in references Henneman (1980) and Hemami (1982) : The approximate equation of motion for the lower arm is
It is easy to show that for an extensor torque slightly larger than the gravity torque the above system is stable. We also assume the infant CNS also learns what force is to be applied to the lip: f a ., and how the muscular force K f has to be adjusted for this purpose. This force is controlled by a reflex path through the basal ganglia. The addition takes place in the motor-neurons. For simplicity we ignore all the transmission delays in the feed-forward (afferent) and feedback (efferent) paths. The construction of this additional force by the basal ganglia is discussed in reference (Hemami, & Moussavi, 2014) .
Object Exploration and Identification
The issue of object exploration and identification is not as important for the infant as self-exploration. To begin with, the mother may be identified as part of the child. A simple explanation for this scenario follows the process of selfidentification. When the infant receives tactile signals with its mouth and is touching the breast with the hand, the previous processing of the signals leads to the conclusion that the breast is part of the child. This observation is consistent with behavioral reports (Slipp, 1991, page 44) that there is lack of differentiation between self and object According to Slipp (Slipp, 1991, page 46) , Melanie Klein postulated that the infant is simultaneously merged with the mother in a state of oneness and exists as a separate individual from birth. Also, the infant, at some point, empowers the image of the object with physical (movement), mental, and psychological attributes (giving, empathy, kindness, etc.) and possibly negative attributes. (Kandel, Schwartz, & Jessell, 1991, Chapter 1, page 15) Eventually the brain recognizes it is touching a separate object. There is no systematic mechanism or knowledge available for this mechanism. There is no specified place in the CNS for storing the object, placing object information, or storing it. But the infant eventually identifies this tactile signal as coming from and belonging to a separate (and unique) object. The sensory apparatus of taste and smell provide additional information and data for this purpose. They may also be involved in identifying and recognizing other objects. As time goes on, the senses of vision and auditory complement, complete and improve these additional object identifications.
How the three sensory signals of touch, taste, and smell are assembled in a partial object image (or map, etc.) , and where this map may be located, is a challenging research issue. For our purpose here, we assume the object map is partial, i.e., what is in the reach of mouth and fingers of the child. The first touch with the object is by the fingers. The tongue and the lips are the two signals emanated from self and the sensory signals from the fingers touching the breast are interpreted as being from the object.
It would be interesting to know what these sensory signals are, how they are encoded, where they are temporarily stored and if and how the infant's CNS is capable of retrieving or accessing these stored sensory signals. It is reported that the temporal lobe is involved in recording, effecting, storing and retrieval such events (Angevine & Cotman, 1981, page 300) . Further, these signals and sensations (Bernstein, Penner, Clark-Stewart, & Roy, 2006 ,Chapter 4) must be related to feelings at some point (Geschwind, 1980) . The feeling and touching of the mother's breast takes place with taste and smell sensations of the mother. Therefore a partial map of the object is beginning to be constructed at this time. This information must be stored in temporary sensory registers and must be eventually transferred to permanent memory as well as to the object map (Angevine & Cotman, 1981,Chapter 13) . Presumably, visual and auditory images complement the object map later. The latter assimilation may be done by semantic neural networks and a parallel distributed network (Bernstein, Penner, Clark-Stewart, & Roy, 2006, Chapter 7) . A final comment on this sequence of early endeavors in object touch, identification, and capture is what the infant perceives from all these efforts and how. These issues are relevant in formulation of the model in issues of total merging of the object with self, partial merging of the object and self, and gradual or eventual individuation of the child. The formulation and articulation of the neural processes involved and their physical and maturation growth through these processes are very important and challenging aspects of future research.
Eventually this map may be structurally and anatomically similar to the self-map. It has the perceived five sensory images of the object and the internally based attributes (positive feelings, negative feelings and frustrations, etc.) In time, the infant is not only imbuing the image of the mother with physical attributes but with mental and emotional attribute of power, giving, kindness, love, assurance, empathy, etc., and possibly negative attributes such as frustration and cruelty (Bernstein, Penner, Clark-Stewart, & Roy, 2006, Chapter 12) .
For comparison and simplicity of analysis, we assume that the self-image and the object-image are in two identical structures, and that the infant can transfer information from one to the other as he or she wishes. The modeling, construction, and gradual expansion of the internal feelings about the object are other challenging research, programming, and neural and computational modeling. According to Klein, the infant "employs fantasy to explore its world and to communicate with the mother" (Slipp, 1991, page 43) . Other aspects of early mother-child (self and object) are discussed by Slipp (Slipp, 1991, pages 43-51) . These child observations will be used in the following section
Tensions and Early Defenses
The objective here is to focus on natural and physical processes in the new-born that initiate and set in motion some of the processes that, later in life, may lead to maladjustment problems or smooth adaptation. Two categories are briefly addressed: tensions and defenses.
Tensions
It is assumed there are positive or negative tensions.
The infant may receive attention and demand nutrition. If love (LOV) is given and the demand (DEM) for nutrition is satisfied, the infant is content. and happy (HAP). Two models are presented here: one without and one with memory. A simple model of the situation without memory is
The version with memory implies that the happiness is maintained even after LOV and DEM disappear:
A more realistic tension (TEN) model depends on inputs, outputs, and the current state of TEN:
The latter Eq. can be expanded into more substructures involving the whole state of self, internal demand of performance on the self and perhaps other external criteria and outputs such as missing a penalty shot in soccer. For an example of a simple analogy with controlling force see (Hemami, & Wyman, 1979£ Hemami, 2017 . The expansion here means that smaller neural subsystems become available for experimental confirmation and verification.
The issue of confirmation or verification of internal CNS structures for specific purposes is a very formidable and challenging research issue. In the long run, two avenues of research are substantial computer simulations to imitate the child's behavior or monitor and record all internal electrical and chemical activities of the child and deduce simple models from the exorbitant body of data (another computational challenge.)
Early Defenses
With the mechanism described above in forming the physically based sensory images of the self and the object (mother), we have seen that tactile-, taste-and smell-based sensations of the object may be interpreted or processed by the infant neurological system as belonging to the self. This process can define the beginning of merging of the self and object in newly born. To some extent, this process depends on the mechanisms and tools available to the CNS of the newly born at that time. Similarly desirable and undesirable attributes of the self and object may be guided and ascribed to the single image of both available to the infant or to the self or object image. These processes may be interpreted as simple forms of splitting. Denial would fall in a similar category of deleting or repressing undesirable events that are sensed.
Therefore, With the above model , one can construct additional processing elements of merging (Kohut, 2001) , splitting (Othmer, & Othmer, 1989; Kohut, 1984) , projection (White, 1956) , denial (Othmer, & Othmer, 1989 , Bernstein, Penner, Clark-Stewart, & Roy, 2006 and introjection (White, 1956) .
Merging
Merging, in the narrow and perhaps unrealistically defined sense here, means that some desirable attributes of the object are transmitted to the self-object. In the extreme case, all attributes of the self and object are assimilated in the same image. Jacobson (Kernberg, 1985, Chapter 5, page 97) refers to a state of fused self and object after the autistic phase of just being born. Eventually, the infant will separate the self and object images and achieve what is referred to as separation-individuation. Further processing of the object image may result in the creation of "idealized parent image".
There are later processes of merging (Kohut, 2001 ) with archaic father image, God or universe, idealized self-object (Kernberg, 1985) , etc. The processes may be regressive to earlier forms or progressive and growth-oriented. The schema of some of the involved processes is shown for a particular personality type in (Kohut, 2001, Chapter 4, page 97) .
Actually, a more complex model of merging is the "symbiosis process." Before birth, the infant is in a total state of symbiosis with the mother. Alternatively said, the child is completely merged with the mother. The process of gradual separation from the mother is a diminishing of the symbiosis and a gradual elimination of the symbiosis. Later appearance of merging could be a transformation back to some level of symbiosis. This level is more mental and emotional than physical. If this hypothesis holds, some of the concepts in physical symbiosis ( of all forms of life) could be extended to mental, emotional and psychological states of dependence and independence.
As stated earlier, early hand signals to the mouth identify the hand as being part of the self. Mouth and hand signals that touch the mother are also registered as part of the self. Also, if and when the infant is nursing and close to the mother and the mother touches the child( for example at the toes) the infant registers the touched area as part of the object and part of the mother. This kind of early processing may be involved in the merging of the mother and the infant. Sucking on the thumb or the toes may be part of the feeling of comfort, love and pleasure because the infant senses that the mother is being touched. Similarly, the senses of smell and touch may be registered as the infant's while they are actually from the mother.
Thus the three senses of touch, smell and taste may promote and strengthen the state of merging and symbiosis. Later development of vision and hearing may help and promote the separation of self-and object-images. The latter phenomenon can be modeled and explained as splitting.
Sometimes, the infant's psyche (for safety, comfort or to eliminate anxiety) may not admit mother's absence and deny the sensory signals that say the mother is absent, and may even keep sucking the thumb more. This is perhaps where early mechanisms of denial are implemented and established. 
Splitting
Splitting means that good and bad internal (and possibly physical) attributes of oneself are labelled as good or bad (desirable or undesirable). Projection here means transferring the bad attribute of oneself to the image of the object. Similarly, the good and bad ( as perceived by the infant) attributes of the object may be separated or split into two groups. One group may be suppressed or attributed to another image or object. Fairbairn's discussion of extensive use of splitting (Kernberg, 1985, pages 64-65) points out one characteristic of splitting: the mechanism is by association rather than by removal and relocation of the material to be split.
Splitting may be a constructive defense for certain conditions and circumstances (Kernberg, 1985, Chapter 1) . Therefore, splitting as a neural mechanism merits study of itsown with different motivations and under different ego-construction objectives. Splitting may affect testing of reality and may lead to denial of reality (Kernberg, 1985, Chapter 2) . Both splitting and projective identification deal with projecting bad parts of internal objects or self to external objects in what appears to be an attribute of primitive aggression. According to Kernberg (Kernberg, 1985, page 83) developmental transformations are involved in the increasingly complex (early) mechanisms of repression and splitting. Therefore, if we assume two comprehensive states of libido and aggression, splitting may qualify as a sub-state of both. Splitting, in this sense, could also define part of the growth of the individual toward separation and individuation. Splitting mechanisms are also connected with denials of internal and external reality (Russell, 1967) .
Based on the above discussion, a structure is proposed here that would be able to handle the associative transfer of sensory and psychic phenomena. The structure is based on standard general state space equations of physical systems. Let S be the state vector of arbitrary dimension n, let X be the vector of inputs that direct the state ( i. e., X is ) to its destination. Let X ia be the vector of association address where the outputs of the system (states or functions of states and inputs) are directed. Let Y be the outputs of the system. The outputs Y directed via vector Z to the associated destination. In what follows X is a column vector and X ′ is the corresponding row vector. The system is represented by
Two dominant neural elements are involved in the physiological design of the above system. An LTP unit is used for the memory element of time integration (or temporal summation). See, for example (Eichenbaum, 2002, page 57) . The functions X ,Y, and Z in 2 are "memory-less" synaptic functions.
If we accept the above structure as the fundamental unit for a large number of communication and control processes of the CNS, it appears that brain structures and relations are accessed and used when and where needed. The gradual increase in size, nutritional structure, and physical and functional growth of these units of processing are very challenging issues for generations of scientists to come.
Denial
Denial means the bad attributes of self or object are repressed or suppressed and not allowed access to consciousness. In words of Kernberg (Kernberg, 1985, page 28) : "Denial of internal aggression and the bad aspects of needed objects also implies denial of reality aspects of the ego and of the external world, so that splitting and denial reinforce each other and lead to a general impoverishment of reality testing."
From the above descriptions, it is obvious that the formulation of these processes may be very difficult and their interactions and feedback and feedforward mechanisms very hard to observe, document, and measure experimentally. The hope is that the mechanisms are simpler and easy to formulae for the newly born.
Discussion and Conclusions
A preliminary step in formulation of models for the infant mental activities may be to define internal energies. These internal energies, power or capability, in turn, may benefit from an analog definition of energy in natural sciences. The energy can be defined as a product of force and a displacement or dissipation of force-action. The force would have many definitions: force of hunger, attraction, attachment, attention, etc. The outlet of the force (internal or external) is analogous to the displacement. A Persian poet -Kalim Kashani, has expressed a major quantity of human activity in a poem, two lines of which are translated here.
The downside of life was no more than a couple of days, I tell you Kalim, how you spent those days, You spent a whole day to get attached to one or another, You spent another day to detach from one or another.
Thus a simple model would be the energy as a function of the force and the corresponding outlet. A more important component for the modeling here is that the force, whatever its kind and wherever its origin, depend on two distinct attributes of the child's mental power: internal states and external inputs as observed . and/or perceived by the child's five senses. Perhaps some of such forces and actions observed in group behavior may help in more precise definition of internal forces and the corresponding outlets or actions (Kernberg, 1985, Chapter 11) .
